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ABSTRACT. Aspergillus fumigatus endocarditis devel-
oped in a 2'%-year-old girl after repair of tetralogy of
Fallot. There have been 14 other cases of Aspergillus
endocarditis in children described in the literature. Fever
and embolic phenomenon, particularly to the CNS, were
the most common presenting manifestations. Consump-
tive coagulopathy developed in this patient as it has in
other children and should suggest the diagnosis of Asper-
gillus endocarditis inasmuch as blood cultures are uni-
formly negative. Antemortem diagnosis was made in four
of 15 patients. Only one patient survived the infection.
Environmental surveillance is crucial when a case is en-
countered. Survival of the infected patient occurs only
with early diagnosis and surgical removal of the infected
tissue. Pediatrics 68:73-78, 1981; Aspergillus endocardi-
tis, consumptive coagulopathy, Aspergillus.

Aspergillus endocarditis is a rare disease in
adults and children. In the past ten years there has
been an increase in this disease that has corre-
sponded with the increase in open-heart surgery.'
Although bacterial endocarditis is a well recognized
complication of open-heart surgery, fungal infec-
tions of the endocardium frequently are unsus-
pected and are more difficult to diagnose. Endocar-
ditis due to Aspergillus fumigatus was diagnosed
post mortem in a 2%-year-old child after correction
of tetralogy of Fallot—the third case of Aspergillus
endocarditis observed at this institution in approx-
imately 15 years.”® We present this case and a
review of the literature to call attention to this
usually fatal complication of open-heart surgery.

CASE REPORT

D.A. was noted to have a tetralogy of Fallot abnor-
mality in the first month of life, and she was admitted for
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elective total correction at age 2% years. During open-
heart surgery a large right ventricular outflow patch was
placed across the valve annulus, and the ventricular sep-
tal defect was repaired. Cardiopulmonary bypass time
was two hours. Several units of blood and fresh frozen
plasma were required intraoperatively. She received ox-
acillin and kanamycin perioperatively and postopera-
tively for five days but remained intermittently febrile.
Bilateral pleural effusions were present, but thoracentesis
fluid was sterile on routine cultures. She had M-mode
and 2-D echocardiography which showed only pericardial
effusion and a small right-to-left shunt at the atrial level.
On the eighth postoperative day, the patient was given
aspirin for treatment of a suspected postpericardiotomy
syndrome. All blood cultures were negative for bacteria
and fungi. Slurred speech and generalized lethary were
noted on the fourth postoperative day, but no focal neu-
rologic deficits were found. An EEG performed two weeks
later showed some slight asymmetry but was otherwise
normal. She continued to be very irritable and was unable
to speak clearly. On the 20th postoperative day her tem-
perature reached 102 F, and she developed a right hemi-
paresis and loss of speech. Results of computed tomog-
raphy were negative. WBC count remained between
17,000 and 22,000/cu mm with a predominance of poly-
morphonuclear cells; ESR (Westergren) was 5 and 10
mm/hr. During the next 24 hours she became progres-
sively less responsive. Fulminant disseminated intravas-
cular coagulation developed with fibrin split products of
21 gm/ml (normal 0 to 10 gm/ml). Results of laboratory
studies were as follows: prothrombin time 116/11 sec;
activated partial thromboplastin time (APTT) 175 sec-
onds (normal control 62 seconds) fibrinogen 21 mg/100
ml; decreased factor VLL, 1% (normal 50% to 150%);
factor V, 40% (normal 50% to 150%; factor IX, 4% (normal
50% to 150%); red cells on smear were remarkable for
burr cells and schistocytes, thrombocytopenia (platelets
decreased to 15,100/cu mm), and anemia (hemoglobin
decreased from 11 to 8.5 mg/100 ml). She was treated
with ampicillin, amikacin, corticosteroids, vasopressor
agents, vitamin K, fresh frozen plasma, packed red blood
cells, intubation, and peritoneal dialysis. Despite maximal
supportive care, cardiac output decreased, acidosis pro-
gressed, and she died on the 22nd postoperative day.
Heart blood obtained at the postmortem examination
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grew Aspergillus fumigatus. This was confirmed by
growth at 42 C, characteristic morphology, and speciation
according to standard methods.* At autopsy Aspergillus
thrombi were found obstructing both the tricuspid and
the pulmonary outflow tract (Fig 1). The endocardium at
the area of the closure of the ventricular septal defect was
necrotic with acute inflammation and vegetations of As-
pergillus on the surface. A muscular ventricular septal
defect (not repaired at surgery) was found at autopsy.
This provided a right-to-left shunt for septal emboli to
enter the systemic circulation and embolize to the brain
(Fig 2). Aspergillus emboli were found in the lung as well
as in the brain (in the left middle cerebral distribution

with microabscesses in the left side of the thalamus and
substantia nigra). Emboli were not found in other organs.

EPIDEMIOLOGY

A thorough search was made to identify the
source of the Aspergillus infecting this patient.
Contaminated air and prolonged exposure of the
heart during surgery were considered likely
sources.” Because parts of the hospital were under
construction, the potential for dissemination of As-
pergillus was increased. We have observed a num-

Fig 1.
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Fungating vegetation above patch in heart (top) and multiple sites of Aspergillus
infection (bottom).
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Fig 2.
Aspergillus in brain (bottom).

ber of Aspergillus infections in pediatric patients
with hematologic malignancies who were in other
areas of the hospital. The association of increased
Aspergillus infection with hospital construction is
well documented.® Our patients with underlying
illness of leukemia developed cutaneous infections
due to A niger and A fumigatus because of contam-
ination of tape with Aspergillus. Although a pigeon
roost on the air conditioning units outside the op-
erating room was found, Aspergillus was not iso-
lated from window ledges, from operating room
surfaces, or from the circulating air when an An-

Foci of Aspergillus scattered throughout brain (top) and microscopic focus of

derson air sampler was kept in place during surgical
procedures and overnight. This patient had many
indwelling catheters, often suspected as sources of
fungal infection, but no central arterial or venous
lines were in place after the seventh postoperative
day, and there was no evidence of local infection
when the lines were removed.

REVIEW OF LITERATURE

This patient demonstrates the cardinal features
of Aspergillus endocarditis, which have been rec-
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ognized mainly in adults after open-heart surgery:
persistent fever, evidence of embolic phenomena,
and consumption coagulopathy. There are 14 re-
ported cases of Aspergillus endocarditis in chil-
dren™ in addition to this case report (Table 1).
Children ranged in age from 51 days to 18 years;
60% were boys. Ten of the patients had organic
heart disease and had undergone open-heart sur-
gery in the previous ten months. The duration of
symptoms that could be attributed to endocarditis
after open-heart surgery ranged from two weeks to
ten months. Eight patients had congenital heart
disease, and two had rheumatic heart disease. Five
patients had prosthetic valves placed during open-
heart surgery and three had Dacron or Teflon
patches placed during surgery. Aspergillus has in-
fected synthetic as well as porcine valves.

Five patients with Aspergillus endocarditis did
not have known heart disease. These included a 51-
day-old premature infant with erythroblastosis,'' a
2-month-old premature infant with congenital cy-
clomegalovirus infection, an 18-year-old with pneu-
monia and neutropenia, and two patients, aged 2
months and 8 years, respectively, with no apparent
underlying disease.

Presenting manifestations in the 15 patients are
listed in Table 2. These signs and symptoms—fever,
embolic phenomena, new murmurs, hepatospleno-
megaly, petechiae, and CNS abnormalities—sug-
gest endocarditis. Fungal endocarditis seems to pro-
duce major emboli more frequently."’ There were
no particular predisposing factors except open-
heart surgery. Twelve of the 15 patients had re-
ceived broad spectrum antibiotics prior to the clin-
ically detected fungal infection and two had re-
ceived corticosteroids.

Laboratory data have not helped to distinguish
Aspergillus infection from other causes of endocar-
ditis. Anemia is a frequent finding. Disseminated
intravascular coagulation was present in our patient
and has been reported as a complication of Asper-
gillus infection.? Blood cultures were obtained ante
mortem in 13 of 15 cases. Only two positive cultures
were reported, both after the patients had died. A
third patient had a blood culture described as “ov-

TABLE 2. Clinical Signs and Symptoms in 11 Open-
Heart Surgery Patients with Aspergillus Endocarditis

Symptom No. of Patients
Fever 11
Change in murmur 10
Emboli 9
Splenomegaly 7
Hepatomegaly 6
Petechiae 6
CNS abnormality 3

ergrown by mold” and this information was ignored.

Antemortem diagnosis was made in four of 15
patients. The diagnostic specimen was an embolus
in three patients and the artificial valve itself in
one. Only one patient, a 14-year-old girl who devel-
oped severe mitral insufficiency after mitral valve
replacement, survived the infection.'” She was
taken back to the operating room where vegetations
were found unexpectedly on the valve and the valve
was replaced. She had no dissemination of the
Aspergillus, and although she received no treat-
ment, she is the sole survivor of this infection. The
other three patients in whom the condition was
diagnosed prior to death all had disseminated dis-
ease. One was treated with valve replacement and
amphotericin B; the other two were treated with
amphotericin B alone.

Pathologic reports have shown involvement of
the left side of the heart in eight patients, right side
in two patients, and both sides in five patients.
Fungi were identified microscopically and cultured
in vegetations or emboli from all of the patients. In
the ten patients reported for whom autopsy data
are available there was evidence of embolic disease.
The involved organs included: brain, kidneys,
spleen, extremities, lungs, liver, thyroid, eyes, me-
ninges, jejunum, and in one case “every organ.”
Most frequently involved were brain (9/10 pa-
tients), kidney (6/10 patients), spleen (4/10 pa-
tients), extremities (3/10 patients), and lung (2/10
patients).

The number of isolates of each Aspergillus spe-
cies were: A fumigatus, 7; A flavus, 3; A niger, 2; A
terreus, 1; and two unspeciated Aspergillus. There
were no clinically pathologically distinctive features
related to species.

DISCUSSION

The prevalence of Aspergillus endocarditis has
increased with the increase in open-heart surgery.
As this disease is almost always fatal (93% mortal-
ity), further efforts are needed to prevent it when-
ever possible or to diagnose the infection in the
early stage when it can be treated successfully.

Unlike Candida endocarditis, which usually is
due to nonsurgical sources of infection, ie, arterial
and venous catheters, the most likely source of
Aspergillus infection after open-heart surgery is
airborne inoculation of the heart during the opera-
tion.” The presence of foreign material, such as
valves and patches of either synthetic or porcine
heterograft material,'' may prevent normal host
defenses from clearing the organisms before infec-
tion develops. Aspergillus proliferates and forms
large mesh-like fungal masses that readily break off
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and embolize. They lodge in distant organs, occa-
sionally providing an accessible peripheral lesion
which, if submitted to biopsy, can yield the diag-
nosis. The fungal mass in the heart, with its intri-
cate rough surfaces, provides a nidus for hemolysis
and the development of consumption -coagu-
lopathy.'"'? Although Aspergillus infects as an op-
portunist, it readily invades, eroding through syn-
thetic as well as natural tissues.

Echocardiography has proved helpful in the di-
agnosis of bacterial endocarditis in selected pa-
tients, particularly when the 2-D technique is
used.'® Our patient underwent both M-mode and 2-
D echocardiography on two occasions, and vegeta-
tions were not visualized because these were at the
patch area. There are no reports of Aspergillus
endocarditis diagnosed by echocardiography.

Peripheral blood cultures are rarely positive for
Aspergillus. This is true irrespective of the type of
antimicrobial media used to culture for the organ-
ism. Aspergillus will grow in broth medium and on
agar. It does not require supplements to standard
media that are used to recover bacteria. Whether
cultures will become positive more rapidly in di-
morphic media has not been established. Use of
vented bottles and incubation at 22, 30, and 37 C
may result in earlier growth of some Aspergillus
species, but A fumigatus will grow even at 42 C.
Why the heart blood obtained at autopsy grew the
organism when peripheral blood cultures were neg-
ative has not been explained.

The role of serology in diagnosing endocarditis
due to Aspergillus is unknown as Aspergillus pre-
cipitin serology was not performed in any of the
reported cases. This test has proved useful in the
diagnosis of systemic infection due to Aspergillus
when performed by some groups'* but not by others.

Treatment of this disease is also problematic.
Amphotericin B has inhibitory activity against As-
pergillus in vitro, but its usefulness in animal model
experiments of Aspergillus infection is less impres-
sive. There are reports of the combined use of
amphotericin B and 5-fluorocytosine or amphoter-
icin B and rifampin,'® but the evidence that these
programs are effective is not convincing. It is clear
that the best results will be obtained if all of the
infected material can be removed. Antifungal
agents must be considered as adjuncts to cover
microscopic foci of infection. Because almost all
patients had disseminated disease at the time of the
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diagnosis, the combination of valve replacement
and amphotericin B is the best available therapy.

In summar,, Aspergillus endocarditis should be
one of the diseases considered in the patient with
unexplained fever or signs of emboli after open-
heart surgery and whose blood cultures are negative
for bacteria. Antemortem diagnosis can be made
from biopsy of an embolus and it is hoped that
aggressive early treatment can decrease the mor-
tality associated with this infection. Epidemiologic
studies should be undertaken in the operating room
to determine whether there is a source of the As-
pergillus so as to prevent the outbreaks that were
seen in the 1960s and outbreaks in hospitals in
which cardiac surgical suites were under construc-
tion.?
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